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19 Claims. (CI. 192--21.5) 
This invention relates to electromagnetic will be exemplified in the structures hereinafter 
clutches, and more particularly to such clutches described, and the scope of the applicatior of 
employing a magnetic fiuid or the like. which will be indicated in the following claires. 
By means of the present invention, simple In the accompanying drawings, in which sev- 
clutches may be built so as to be closed smoothly 5 eral of various possible embodiments of the in- 
by means of directly applied magnetic force, and vention are illustrated, 
to effect a final non-slipping drive having sub- Fig. 1 is a longitudinal section taken through 
stantially more torque than lueretofore for a one form of the invention, showing the clutch 
given clutch weight. Briefly, this is accomplished in closed driving condition; 
by magnetically drawing together two or more 10 Fig. 2 is an enlarged fragmentary view showing 
spaced magnetic pressure applying members or the clutch parts in open condition; 
plates so as to squeeze into the gaps which exist Fig. 3 is a reduced left-end view of Fig. 1; 
between the plates before closure, a magnetic Fig. 4 is an individual detail section of one 
fiuid mixture or the like. Thus the gaps, instead clutch element or plate; 
of freely and completely closing as in prior fric- 15 Fig. 5 is a reduced left side view of Fig. 4; and, 
tion clutches, become and remain filled with the Fig. 6 is a view similar to Fig. 1, showing an 
magnetic fiuid mixture, the consistency of which alternative form of the invention in closed con- 
stiffens under the applied magnetic field and dition. 
forms a lamination of driving material between Similar reference characters indicate corre- 
the driving and driven faces of the discs, withouç 2{} sponding parts throughout the several views of 
the latter coming into actual contact. The re- the drawings. 
sult is a smooth pick-up action during closure leferring now more particularly to Fig. 1, 
belote the fiuid material bas completely mag- there is shown at numeral  what will hereinafter 
netically stiffened against shearing, followed by be referred to as the driving element, and af 
a strong resistance against shearing after com- 25 numeral 3 the driven element of the clutch, but 
plete closure with a resulting high driving torque the driving and driven functions may be reversed 
under non-slip conditions. In addition, con- with respect to these parts. For the purpose of 
tinued magnetic action on the pressure plates description, but without limitation, the driving 
after closure maintains mechanical pressure on element | may be considered to be built as part of 
the magnetically stiffened fiuid. This reduces 30 a fiywheel of, say, an internal combustion en- 
the tendency to slippage between the plate sur- gine. A part of the fiywheel is shown af 2. The 
faces and the fiuid, and further increases the driven element comprises a hub 5 having internal 
torque capacity. The result is a smoothly modu- splines 7 for rotary driving engagement with 
]ating clutch of very high capacity and long life, complementary splines on a driven shaft 3. Thus 
the latter being due to the absence of any fric- 35 the driven element may drive the driven shaft. 
tional wear on the faces of the driving or driven A driven e!ement without the shaft 3 is shown 
discs or plates, isolated and in detail in Figs. 4 and 5 and com- 
Moreover, the clutch is adapted to release com- prises a magnetic (ferrous) disc 9, forming a 
pletely when deenergized, with a substantia]ly flange on the hub 5. Spaced magnetic (ferrous) 
complete absence of drag. 4O rings or plates | | and |3 are attached to the disc 
In its broadest aspect, the invention comprises 9 by means of a nonmagnetic ring |5. This ring 
squeezing between the moving surfaces of an may, for example, be composed of stainless steel. 
energized clutch a shearing magnetic fiuid mix- The rings If and |3 are angle slotted as shown 
ture or the like which, as it takes its position be- st | and barbed on one side of each slot as 
tween the surfaces, becomes stiffened by mag- 45 shown af fS for purposes which will appear. 
]etization to the point at which it cannot be There are two diagonally opposite slots and barbs 
further sheared under the driving torque for in each ring, the pairs in the adjacent rings be- 
which the clutch is designed; together with ing stsggered at 90 °. 
simple means for substantially completely elimi- The driving membr  comp'ises a magnetic 
nating the magnetic fiuid mixture from between 50 (fcrrous) member I? huving an iuternal right- 
the surfaces when the clutch is released so as to u.gular seat 9 for an unnular fieid coi 21. This 
eliminate drag when the clutch is open. coil rouf be suçp]ied with direct current from a 
The invention accordingly comprises the ele- suitable D. C. circuit thïough slip rings or the 
ments and combinations of elements, features of like, which are hot shown since the detafls of 
construction, and arrangements of parts which 5 methods of supplying current to rotating cofls 
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are weil known. The coil 2 is held in position 
by a lock ring 23 and an outside inagnetic ring 
25 which is welded te the rnember lï. These 
parts are located on one side of the driven menï- 
ber 3. Their faces adjacent member 3 are co- 
planar, b_n annular space 27 is left between the 
members  and 25 on one side of the coil 21. 
The nïenïbers 7 and 5 ferre what may be re- 
ferred te as one n]agnetic clanïp menïber or plate 
on one side of the nïembers 9 and I l. 
On t.he other ide of the driven nïenïber is a 
second magnetic c!amp nïenber or plate 29 which 
has a fiat îace adjacent te the members 9 and 
13. Fastened te the outside of the rings 25 and 
29, respectively, are nonmagnetic (aluminunï) 
rins 'l and 3, respectively. Spun into a groove 
35 of the ïing 3 is a hand  which, beyond the 
rh]g 3i, bas an inturned fiange 39 as indicated 
in Fig. 2, wh!ch linïits any separating axial mo- 
tion that the ring 2 has with respect te the 
rings l and 2. ïhis movenïent is about  inch 
or se. Anchored in the ring -  are non-magnetic 
(stainless steel) studs or pins l which reach into 
the ring 3 wheïe they are provided with heads 
4 which ïay slide in holes 45. ]3eyond the studs 
the holes 45 are pïovided with sealing plugs 6. 
The studs 4 pass freely through openings in the 
periphery of a] internïediate driving plate 47 
which is magnetic (ferrous). This intermediate 
driving plate is inteïposed between the rings Il 
and !3 of the driven nïen]ber, but floats upon the 
studs. A s!eeve bearing 9 permits relative axial 
and rotary nïotion between the hub  and the 
ring 2,9 and a pilot ball bearing 5! pernïits rela- 
tive rotary nïotion between the hub 5 and the 
ring I ?. 
Space 53 is lrovided between the rings 31 and 
33 for containing all of a quantity of magnetic 
fluid mixture, the chaïacter of which will be de- 
scribed below. ïn order te centain this fiuid mix- 
ture, the rings  I and ?,3 are respectively grooved, 
as shown ai 5 and 5, foi" sealing reception of 
the edges of a continuous periphera! band of 
silient or flexible ]naterial . For instance, this 
nïaterial ïaay be com!»osed of relatively thick rub- 
ber (preïerabiy of a synthetic variety) which will 
withstand attack o oil, grease and the like. 
Throughout ifs ]niddle periphery, the band 59 is 
bowed wherc if is backe on the outside by means 
of a snïcoth!y i'crnïed inter_al bead 61 within the 
ring $. Thus ;pon any ayAal movement be- 
tween the rings 3 and 3, the band 59 will as- 
sume the positions shown in Figs. 1 and 2, or in- 
termediate positions. !t is te [e understood that 
other equiva!ets nïay be used foï the band such 
as a convoluted nïetal be]lows o[" the like. 
The nïagnetic fiuid nïixture, which is indicated 
by stippling, z:«ay be any o'_ce of a number of sub- 
stances, such as, for e.:a,:qple, a fairly rhin nïa- 
chine oil, such as SAE l!o. I0 or the equivalent, 
nïixed with nine parts by weight of finely dividecl 
magnetic, reiatively _ow reiuctance metal parti- 
cles. The partic!es shoulà preferably be as round 
as feasible and of sa]l iean dianïeter (approxi- 
nïately 3 nïicrons). This a:.nourts te a Powder. 
A suitable fineiy divided nïagnetic iron serving 
the purpose is o. the nïarket under the naine of 
Carbonyl-E iren. Another is Swedish powdered 
iron of about $00 nïesh. %'his mixture of 9:1 of 
iron particies te oil is a sonïewhat visous fiuid 
but does net ha-e the viscous drag of a heavy 
oil. It wi!l also bccome nïagnetized by induc- 
tion. in cases vhere the c!utch is te be used 
under varying (incïuding iov) tenïperature con- 
ditions, the liquid shouid have as constant a vis- 

4 
cosity as it is possible te obtain. Fah'ly constant- 
viscosity oils are on the nïarket. Or silicone liq- 
uids may be used (silicone DC 500, for example). 
If a grease base is used, a suitable one is sili- 
5 cone grease in a ratio by weight of iron particles 
te grease of 3:1. it will be seen that the above 
mixtures are constituted by a magnetic compo- 
nent (the finely divided iron) and a lubricating 
component (the off or grease), it is te be under- 
i0 stood that if a dry flowable mixture is desired, 
the flnely divided iron may be mixed with a dry 
lubricant, such as, for exanïple, pov.:dered steatite, 
graphite, or the like. 
Operation is as foi]ows, referring rirst te Fig. 2. 
15 wlich shows an open condition of the clutch 
wherein the coil 2 is deenergized: 
ïhe expansive action of the hand 59 tends 
axially te separate the plate assembly 7, 25, 
(on the one hand) frein the assembly 29,  (on 
20 the other hand). It nïay be assunïed that the 
parts are rotatin2, carrying with them the studs 
 and also retating the internïediate ring 
Since there is clearance between the drive rings 
I and 3 and the other parts, the magnetic 
25 fiowable material being flung out centrifugally, 
any drag between the rotating parts and the sta- 
tionary asseïnbly I is neg!igible. In order for this 
condition te exist, the anïount oï fiowable nïag- 
netic material must be such that under centrifu- 
30 gal force all of it can fmd ifs way into the space 
5, as illustrated in Fig. 2. ïhe size of the Space 
is designed te accompiish this. 
Next, assunïe that the coil 2 is excited. This 
will produce a toroidal flux _qeld circuit, as indi- 
35 cated by the dash lines F in Yig..L This sur- 
rounds the coil 2 and intel'links the nïagnetic 
parts !7, 25, I, 47, 3, 29 and . At this point 
it will be seen that the purpose of the annular 
space 27 and the non-magnetic ring 5 is te pre- 
40 vent short-circuiting of this flux fieid belote it 
reaches the ring 29. Eetween he rings 25 and 
9 it tïaverses four air gaps. The right-hand gap 
is larger when the coil is deenergized. When the 
coil is excited it decreases. Ai the sanïe tinïe, the 
45 piston disp!acenïent effect between the rings 
and 3 tends te squeeze lubricant out of the space 
radially inward into the gaps. This is augnïented 
by an inward radial nïovement of the ring 
Since there is a positi-e displacenïent action, a 
50 considerable variation in viscosities of the mag- 
netic fiuid nïixture may be tolerated with assur- 
ance that the nïixture wi!l be positive!y squeezed 
inward a nïaximunï distance into the magnetic 
gaps. As the n_ixture enters the gaps, it enters 
55 the toïoidal magnetic field iv and becomes induc- 
tively magnetized and stiffened se that its vis- 
cosity increases with a res[dting increased re- 
sistance te shear. It shoulà be noted in this con- 
nection that the rinçs  and 33 are nonnïagnetic 
60 (aluminunï) for the purpose of minimizing stray 
nïagnetic currents fronï enterinç the. nïaterial 
when if s in position in the pace 53. Such en- 
try should be mininïized because the magnetic 
fleld wo]Id tend te stiffe]] the mateïials in this 
65 region and inhibit ifs inward i]ow, which is un- 
desirab!e. This is aise the reason for making the 
studs 41 nonnïagnetic. 
The purpose of the barbs 8 (Fig. 5) is te act 
70 as small PloWS or grouters for aiding in directing 
the nïagnetic fluid inward. It will be understood 
in this connection that the rotation of the parts 
17, 25 and 3, 33 and 29, relative te the plates 
and , is as shown by the arrow on Fig. 5. The 
75 slots 16 act as lead-in passages fol, effecting a 



quick distributïon of. the magnetic mx.ture on 
both-sides,of both rings I1 and 
From the'. above i$ will: be clear, that the mag- 
netic, fluïd mixture progresses from s more fiuid 
(shearable). stte toc.more stiffened (less shear- 5 
able state as it lrogresses inward from the 
chamber 3. int0 position letweer: the members 
26, II, 17, 13 and 28. Thus-the transmitted torque 
isincreasesmoothl:y. - By th tme that all  of the 
surfaces of these: members, are: covered and belote 
they corne .together;. the'magnetic flid, has 
stiffened to a pïnt that, under- tlie maximum 
t0que to be ránSmittd, it .wfll no longer' shear 
wi$hin its olume.- Thus  1.:. dzivewithoutslip- 
page:is achieved. 15 
The-st]Y.ened: material in position between the 
stated, members ls0=prevents the surfaces of" 
and 13: from coming into frictional: contact, Ail 
friction occurs between he surfaces of 
I. nd: 29 and. the magnetic fluid mixture next to 20 
them. -At..maximum excitation-of the cofl 2.1 ,the 
axia[ lressurë-isa.raximum. This axial:pressure 
maximises the grouting-in action On the fluid 
and the' frictionbtween the interfaces between 
sa-id members, and the stiffened magnetic fluid 
mixtu-e.. Hence the torque tra]]smitted is higher 
than if would be if the magnetic fluid mixture 
were si-mply interposed between faces and hot 
placed underpressure. The fluid-fllted gaps at 
this Stage are of- the: order of .005 inch in thick- 30 
ness,-wlzich als measures the interposed film of 
stiffened and compressed magnetic fluid mixture. 
 TO release the clutch, the coil 21 iS deenergized, 
wlïereupon the viscosity of the magnetic fluid 
mïxture dcreases so that it again assumes a-more 
liquid state to be flung clear by centrïfugal force 
into the peripl]erl compaztment 3, whicb ai this 
time enlarges enough, to recelée all of it. The 
cham.ber enlarges due to the ex.panding action of 
the dtaphragm $. This' action: causes the mem- 40 
ber 2 to separate f.rom the members' I.]:, 2; so 
as to reirtrOduce fre running clearanee-. Wh.fie 
ïn the peseït embodiment expansive: action  alone 
Of the diaphragm  is:depended uPon. for the 
stated sepsrtion,.it wilï be' understood that a-ddi- 45 
tional springs may be used for th purpose, as in 
an 0rdinary friction clUtch. The limit of separa- 
tion is dëtezmined by the engagement between 
flange 35 of rin $] with ring 31 (see Fig. 2). 
It WilI be apparent that the stronger the mag- 50 
etic field F is,. the greater  the capa-city of. the 
clutch wfll le. However; since thë coiI 21 is quite 
 close to th« chamber 3, the danger of stray'flux 
affecting the magnetic flud.mixture- when in this 
chamber is increased. This places a limitation 55 
upon the strength of this fleld F. Therefore, for 
cutches of extremely high capacity for their 
weight the construction of Fig. 6 may be used, 
in. which like numeral designate like parts, the 
primary dîfference being in a reshaping of. the 0 
msgnetic ring I], which is designated I]' in Fig. 
6. In this figure the additional fl:vheel element 
ïs designatgd . I this form of the invention, the 
ring I]' is formed with an additional groove 
for accommodating an a-dditional c0il . This, 5 
when excited, produces an am:fiiary toroidal flux 
FL, vhich interlinks only the ring 
and the in, er flange 9 o the driven member 
While this fleld FL does hot inductively affect the 
,films of magnetic fluid mixture between members 0 
2, ! I; ], 13, 28, it does increase the compression 
on that fluid mixture by adding the tractive effect 
oî coil 21 on ring 28. Thus the field from auxili- 
ary cofi  is in the n,ture of additional means 
for strongly increasing attraction and assisting 75 

coil  2 I. to increase the clutch, plate pressure and 
hence to increase the frictional, transmission of 
torque without further inductive effect on the 
magnetic fluid mixture. Such further inductive 
effect would  hot be of much help.in increasing 
pacity and the field needed for the purpose would 
be so close, fo the chamber 3 as to invite stray 
currentsinto the magnetic fiuid mixture therein, 
which, as above pointed out is undesirable. Thus 
in this form of the invention the coil 21 may be 
desïgned to provide onty enough flux F inductively 
fo stiffen the magnetic fluid mixture, the auxiliary 
coil 65 being designed for the strong attractive 
function between rings I, 25 and 29 This aux- 
iliary coil 65, because of ifs inward position, may 
be designed for a large tractive force without dan- 
ger of currents from its fleld FL straying into the 
chamber 53. The coil 21 is then designed only 
strong enough inductively fo. magnetize the mag- 
netic fluid mixture fo the extent desired without 
excessive flux leakage into said chamber 
As an example of the advantages of the inven- 
tion, the actual diameter of a unit built according 
to the drawings herein is 11% inches, wherein 
the outside diameters oï the rings or plates I 
are- 9 inches. This- clutch crries approximately 
500 lb.-ft, of torque and by comparison with-a 
fricti-on clutch of equal capacity, is lighter in 
weight. 
If will be understood that, as in ordinary fric- 
tion clutches, the number of driving and- driven 
plate surfaces may be increased, or decreased. 
The ter]n mCnet¿c flowable mixture as used 
herein is intended to comprehend any suitable 
flowable magnetic material whether of the liquid, 
semi-liquid (grease-like) or dry variety, where- 
in finely divided maEnetizable particles, are mixed 
with a wet or dry lubricant. 
If necessary any leakage of the magnetic mix- 
ture that may, under certain circumstnces, oc- 
cur past a head 43 into space 4. may be 
released by a suitable bleeder port such as illus- 
trated for example at 6a at the tops of Figs. 1 
and 6. This is hot necessary under all circum- 
stances, a.s illustrated at the bottoms of Figs. 1 
and 6. 
In view of the above, it will be seen that the 
several objects of the invention are achieed and 
other advantageous resu!ts attained. 
As many changes could be marie in the bove 
constructions without departing from the scope 
of the invention, it is intend.ed that all matter 
contained in the above description or shown in 
the accompanying drawings shall be interpreted 
as illustrative and hot in a limitng sense. 
We claim: 
1. An electromagnetic clutch comprising rela- 
tively rotary magnetic surfaces which are mova- 
ble apart to space them, means for inductively 
agnetizing sa.d surfaces to attract them to- 
ward one another, eleme]ts forming a chamber 
which is contractib!e, said chamber commnicat- 
inoE with the space between said surfaces, said 
means also cotracting the chamber substantiat- 
ly simulta.neously with attraction between the 
surfaces, the chamber being expansible bi. 
sponse to separation of the surfaces, and a mag- 
netic fiowable m.xture carried in said chamber 
ind movable from the chamber to the space, or 
from the space to the chamber in response to con- 
traction and expansion re.pectively of the cham- 
ber. 
2. An electromagnetic clutch comprising rela- 
tively rotary magnetic surfaces which are biased 
apart to space them, means for inductively mag- 
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netizing said surfaces te attract them axially to- 
ward one another, elements forming an annular 
rotary chamber which is contractible, said cham- 
ber communicating radially inward with the 
space between said surfaces, said means also con- 
tracting the chamber substantially simultaneous- 
ly with attraction between the surfaces, the 
chamber being expansible in response te separa- 
tion of the surfaces, and a magnetic flowable 
mixture carried normally only in said chamber 
when expanded and which by contraction of the 
chamber is forced therefrom te the space, or 
centrifugally flung item the space te the cham- 
ber upon separation of the surfaces. 
3. An electromagnetic clutch comprising rela- 
tively rotary magnetic surfaces which are biased 
apart te space them, means for inductively ma- 
netizing said surfaces te attract them a:ially to- 
ward che another, elenîents forming an annular 
rotary chamber which is contractib!e, said cham- 
ber communicating 'adially inward with the 
space between said surfaces, said means also 
contracting the chamber substantially simu!tane- 
ously with attraction between the suïfaces, the 
chamber being expansible in response te separa- 
tionof the surfaces and a magnetic fluid mix- 
ture carried in said chamber and which by con- 
traction of the chamber is forced therefrom te 
the space, or centrifugally fiung from the spacc 
te the chamber upon separation of the surfaces, 
the inductive magnetization of the surfaces when 
attracted being located in  region of the 
faces contacted by the magnetic fluid mixture, 
whereby the latter is inductively magnetized 
when located in said space. 
4. An electromagnetic clutch compïising rela- 
tively rotary radial magnetic surfaces which aïe 
axially movble apart te space them, elements 
forming a peripheral rotary chamber which is 
contractible, peripheral means near the cham- 
ber for inductively magnetizing said surfaces te 
attract them axially toward one anotheï, said 
chamber communicating radia!ly inwarà with the 
space between said surïaces, said means also 
contracting the chamber substantiaily simul- 
taneously with magnetic attraction between the 
surÏaces, the chambeï being expansible in re- 
sponse te separation of the surfaces, a magnetic 
fluid mixture carried in said chamber whic! is 
Ïorced into the space radially inward frein the 
chamber by its contraction, or centriîugal!y flung 
from the space te the chamber upon separation 
oÏ the surfaces, the means near the chambeï 
for inductively magnetizing the surfaces being 
in a region of the surfaces contacted by the mag- 
netic fluid mixture whereby the fluid mixture is 
also inductively magnetized, and a second means 
for inductively magnetizing said surîaces n a 
region distant from the chamber. 
5. An electromagnetic clutch comprising rela- 
tively rotary radial magnetic surfaces which are 
axially movable apart te space them, elenents 
Ïorming a nonmagnetic peripheral rotary cham- 
ber which is contractible, an annular coil near 
the chamber for inductively magnetizfig said 
surÏaces te attract them axially toward one an- 
other, said chamber communicating r.dially in- 
ward with the space between said surfaces, said 
elements also contracting the chamber substan- 
tially simultaneously with magnetic attraction 
between the surfaces, the chamber being ex- 
pansible in response te separation of the surfaces, 
a magnetic fluid mixture carried in said chamber 
which is Ïorced into the space radialiy inward 
Irom the chamber by its contraction, or centriï- 

ugally flung from the space to the chamber upon 
separation of the surfaces, the coil near the 
chamber for inductively magnetizing the sur- 
faces being in a region of the surfaces contact 
5 ed by the manetic fluid mixture and a second 
annular coil for inductively magnetizin said sur- 
faces in a region distant from the chamber in a 
radialïy inwaïd direction. 
6. An electromagnetic clutch comprising driv- 
10 ing and driven magnetic clutch members carrF- 
ing surfaces which have space therebetween, said 
members being relatively movable in a direction 
to reduce said space, means for producing a mag 
netic fleld interlinking said members to attract 
5 them toward one another, a comparment for 
containing a magnetic fluid mixture, said com- 
partment being in communication with said 
space, a quantity of magnetic fluid mixture sub- 
stantially all of which is adapted to be con- 
20 tained in said compartment, a member which is 
movable to decrease the size of said compart- 
ment, and a magnetic member responsive te 
crease in the magnetic fleld and connected wih 
said last-named movable member te more it in 
5 the direction of said decrease in compartment 
size substantially simultaneously with relative 
movement between said clutch membeïs toward 
one another, whereby the fluid mixture is trans- 
ïerred from the compartment into said space as 
30 he latter decreases in response te attractive 
movement between said clutch members as 
caused by the magnetic field. 
7. An electromanetic clutch comprisin driv- 
ing and driven magnetic clutch members carry- 
35 ing surfaces which have space therebetween, said 
members bing relatively movable in a direction 
te reduce said space, means ïor producing a mag- 
netic iïeld interlinking said members te attract 
them toward one another and crossin their sur- 
40 faces and said space, a compartment for contain- 
ing a magnetic fluid mixture, said compartment 
being in communication with said space, a quan- 
tity of magnetic fluid mixture substantially all of 
which is adapted te be contained in said com- 
45 partment, a member which is movable te de- 
crease the size of said compartment, and a ma- 
netic member responsive te increase in the ma- 
netic fleld and connected with the last-named 
movable member te more if in the direction oï 
50 said decrease in compartment size substantially 
simultaneously with relative movement between 
said clutch members toward one another, where- 
by the fluid mixture is transferred from the com- 
partment into said space as fhe latter decreases 
55 in response te attractive movement between said 
clutch members caused by the magnetic fleld, 
said fleld inductively magnetizing said fluid mix- 
ture te increase its viscosity as it enters the space. 
8. An electromagnetic clutch comprising co- 
60 axial relatively rotary driving and driven mag- 
netic clutch members carryin surfaces which 
have space therebetween, said members being 
axially relatively movable in a direction te re- 
duce said space, means for producin a ma- 
6 netic field interlinking said members te attract 
them toward one another and crossin theh" sur- 
faces and said space, a compartment for con- 
taining a magnetic fluid mixture, said compart- 
ment being in communication with said space, 
ï0 a quantity of magnetic fiuid mixture substan- 
tially all of which is adapted te be contained 
in said compartraent, a member which is mer- 
able te decrease the size of said compartment, 
and a magnefic member responsive fo increase 
 in the magnetic field and connected with the 
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last-named movable member to move it in the 
direction of said decrease in compartment size 
substantially simuttaneousty with relative move- 
ment between said ctutch members toward one 
another, whereby the fiuid mixture is transferred 
from the Compartment into said space as the lat- 
ter decreases in response to the attractive move- 
ment between said ctutch members caused by the 
magnetic field, said fietd inductivety magnetiz- 
ing said fluid mixture to increase its viscosity 
as it enters the space, and said space being ra- 
dially so disposed relative to the axis of rotation 
that upon deenergization of said field the fluid 
mixture wfll be centrifugally forced therefrom. 
9, An electromagnetic clutch comprising 
axial driving and driven magnetic members car- 
rying radiatly fiat surfaces whidh have space 
therebetween, said members being axiatty reta- 
tively movable in a direction to reduce said space, 
an annular fleld cofl for producing a t0rodial 
magnetic field intertinking said members to draw 
them toward one another, an expansible and 
contractible compartment surrounding said sur- 
faces for containing a magnetic fluid mixture, 
said compartment being in communication with 
said space, a quantity of magnetic fiuid mixture 
substantially ait of which is adapted tobe con- 
tained in said compartment when expanded, said 
fietd being adapted to reduce the sizes of the 
compartment and said space in response to ex- 
citation of said coit, whereby the fluid mixture 
is transferred from the compartment to said 
space as the latter decreases in response to the 
attractive movement between said members 
caused by the fietd. 
10. An electromagnetic clutch comprising rela- 
tively rotary radial magnetic surfaces which are 
axialIy movable apart te space them, etements 
forming a peripherat rotary chamber which is 
contractible, peripherat means near the cham- 
ber for inductively magnetizing said surfaces to 
attract them axiatty toward one another, said 
chamber communicating radialty inward with 
the space between said surfaces, said means be- 
ing adapted to contract the chamber substan- 
tially simUttaneously with magnetic attraction 
between the surfaces, the chamber being expan- 
sible in response to separation of the surfaces, 
a magnetic fiuid carried in said chamber which 
is forced into the space radially inward from the 
chamber by its contraction, Or centrifugatty 
fiung from the space to the chamber upon sepa- 
ration of the surfaces, the means near the cham- 
ber for inductively magnetizing the surfaces be- 
ing in a region of the surfaces contacted by the 
magnetic fiuid whereby the fiuid is also induc- 
tivety magnetized, and a second means for in- 
ductivety magnetizing said surfaces in a region 
distant from the chamber. 
11. An electroma'gnetic ctutch comprising co- 
axiat driving and driven magnetic members car- 
rying radially fiat surfaces which have space 
therebetween, sid members being axially rela- 
tively movable in a direction to reduce said space, 
an annular field coil for producing a t0roidat 
magnetic field interlinking said members t0 dràw 
them toward one another, a noflmagnetic ex- 
pansible and contractible compartment sur- 
rounding said surfaces for containing a mag- 
netic fluid mixture,, said compartment being in 
communication with said space, a quantity of 
magnetic fluid mixture substantialty àll of Which 
is adapted te be contained in said compartment 
when expanded, said lïeld being adapted to re- 
duce the size of the compartment and said space 

1O 
in response to excitation of said coit, whereby 
the fluid mixture is transferred from the com- 
partment te said space as the latter decreases in 
response to the attractive movement between 
5 said members caused by the magnetic field, and 
means for biasing apart said magnetic members 
and expanding the comparment when the coil 
is deenergized. 
12. An electromagnetic clutch comprising co- 
l0 axiat driving and driven magnetic members car- 
rying radialty fiat surfaces which bave space 
therebetween, said members being axially reta- 
tiveiy movabte in a direction to reduce said space; 
a nonmagnetic expansible and contractib!e com 
15 partment ctosety surrounding said surfaces for 
containing a magnetic fluid mixture, a first 
nuiar fietd coit carried in one of the members 
closely adjacent to and within said compartment 
for producing a toroidat magnetic fietd inter- 
20 linking said members to draw them toward one 
another, said compartment being in direct com- 
munication with the ctosely adjacent space, a 
quantity of magnetic fiuid mixture substantialty 
ait of which is adapted to be contained in said 
25 compartment when expanded, said field being 
adapted to reduce the size of the compartment 
and said space in response fo excitation of said 
first coit, whereby the fluid mixture is transferred 
from the compartment to said space as the tat 
30 ter decreases in response to the attractive move- 
ment between said members caused by the mag- 
netic fletd of said first coit, and a second annutar 
ileld coil carried in said one member and of 
smaller diameter than the first coil and produc- 
35 ing a toroidal magnetic field interlinking said 
members ai a region spaced further from said 
compartment tlan the teroidal field oï the flrst 
coil. 
13. An electromagnetic clutch comprising 
40 axial driving and driven magnetic members car 
rying radially fiat surfaces which have space 
therebetween, said members being axially rela 
tively movable in a direction fo reduce said space, 
a nonmagnetic expansible and contractible com- 
patment closely surrounding said surfaces for 
45 containing a magnetic fiuid mixture, a flrst 
nu]ar field coil carried in one of the members 
closely adjacent fo and within said compartment 
for producing a teroidal magnetic field interlink- 
50 ing said members ata first magnetic region te 
draw them toward one another, said comprt- 
ment being in direct communication with the 
closely adjacent space, a quantity of m'gnetic 
fiuid mixture substantially II of which is adapt- 
ed fo be contained in said comprtment when 
expanded, said field being adapted to reduce the 
size of the compartment and said space in 
sponse te excitation of said first coil, Whereby tli 
fiuid mixture is trnsferred fïom the compart- 
60 ment te said space near said fa-st magnetic region 
as the space decreases in response fo the attrac- 
tive movement between said membbrs caused by 
the magnetic field of said first coil, and a second 
' annular field coil carried in said ne member 
65 and of smaller diamCer than the first cofi and 
producing  toroidal magnetic field interlinking 
said members ata second magnetic region spaced 
further frolii said compartment than the first 
magnetic rëgion, the arrangement being such 
70 that substaiitialty no magnetic fiuid mixture 
reaclies the space between the magnetic mem- 
bers within said second magnetic region. 
14. An etectrmagnetic clutch comprisin.g 
driving and driven magnetic members, one of 
75 said members consisting of at teast one magnetic 
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flange surrounded by a nonmagnetic band to 
which are attached spaced outer magnetic rings, 
the other mernber comprising ai least two rela- 
tively movable magnetic plates axially enclosing 
the other member and spaced therefrorn, said 
plates being axially movable and each including 
a surrounding nonrnagnetic ring, the rings be- 
ing joined by flexible material to form an ex- 
pansible chamber, axially slidablc connections 
between the plates which prevent relative rotary 
movement therebetween, at least one other mag- 
netic ring driven by said axially slidable mem- 
bers and having axial rnovement thereon and 
reaching inward between said magnetic rings, a 
magnetic fluid mixtm'e which is transferable 
upon relative axial movement of the plates fo 
and from the chamber and the group of spaces 
between the plates and rings, and an annular 
fleld coil carried by one plate providing a toroidal 
flux fleld interlinking the plates in the regions of 
the rings. 
15. An electromagnetic clutch cornprising 
driving and driven magnetic rnembers, one of 
said members consisting of at least one magnetic 
fiange surrounded by a nonmagnetic banal to 
which are attached spaced outer magnetic rings, 
the other member comprising at least two rela- 
tively movable magnetic plates axially enclosing 
the other member and spaced therefrom, said 
plates being axially movable and each including 
a surrounding nonmagnetic ring, the rings being 
joined by flexible material to form an expansible 
chamber, axially slidable connections between 
the plates which prevent relative rotary move- 
ment therebetween, at least one other magnetic 
ring driven by said axially slidable members and 
having axial movement thereon and reaching 
inward between said magnetic rings, a magnetic 
fluid mixture which is transferable upon rela- 
tive axial movement of the plates to and from 
the chamber and spaces between the plates and 
rings, an annular field coil carried by one plate 
providing a toroidal flux fle!d interlinking the 
plates in the regions of the rings, and a second 
annular field coil carried by one of the plates 
and substantially only interlinking said flange. 
16. An electromagnetic clutch comprising 
driving and driven magnetic members, one of 
said members consisting of at least one mag- 
netic flange surrounded by a nonmagnetic band 
to which are attached spaced outer magnetic 
rings, the other member comprising at least two 
relatively movable magnetic plates axially en- 
closing the other member and spaced therefrom, 
said plates being axially movable and each in- 
cluding a surrounding nonmagnetic ring, the 
rings being joined by flexible material fo form 
an expansible chamber, axially slidable connec- 
tions between the plates which prevent relative 
rotary movement therebetween, at least one 
other magnetic ring driven by said axially slid- 
able members and having axial movement there- 
on and reaching inward between two of said 
magnetic rings, a magnetic fluid mixture which 
is transferable upon relative axial movement of 
the plates fo and from the chamber and the 
group of spaces between the plates and rings, 
means for establishing a toroidal flux fleld inter- 
linking the plates in the regions of the rings, said 
spaced outer magnetic rings having inwardly 
directed slots for distribution of enterin mag- 
netic fluid mixture, and grouting members asso- 
ciated with the ends of said slots. 
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17 An electromagnetic clutch comprising 
driving and driven members having spaced mag- 
netic surfaces, means for producing a magnetic 
field interlinking said magnetic surfaces, a com- 
5 partment for containing flowable magnetic ma- 
terial, said compartment being in communica- 
tion with the space between said surfaces, a 
quantity of magnetic fluid mixture in said com- 
partment, a member which is movable to de- 
! , crease the size of said compartment, and a mag- 
netic member responsive to increase in said mag- 
netic field and connected to said movab]e mem- 
ber to move if in the direction of said decrease, 
whereby the mixture is transferred frorn the 
]5 compartment to the space and inductively mag- 
netized fo stiffen therein. 
18. An electromagnetic clutch comprising 
driving and driven members having radial fiat 
spaced magnetic surfaces, rneans for producing 
ri0 a magnetic fleld perpendicularly intersecting said 
magnetic surfaces, a compartment for contain- 
ing a magnetic fluid mixture, said compartment 
being in radial communication with the space 
between said surfaces, a quantity of a magnetic 
2 fluid mixture in said compartment, a member 
which is movable fo decrease the size of said 
compartment, and a magnetic member respon- 
sive fo increase in said magnetic field and con- 
nected fo said movable member to move it in the 
30 direction of said decrease, whereby the fluid mix- 
ture is transferred from the compartment to the 
space and inductively magnetized fo stiffen 
therein. 
19. An electromagnetic clutch comprising 
35 driving and driven members having spaced mag- 
netic surfaces, means for producing a magnetic 
fleld interlinking said magnetic surfaces, a com- 
partment for containing a rnagnetic fluid mix- 
ture, said compartment being in communication 
40 with the spaces between said surfaces, a quantity 
of magnetic fluid mixture in said compartment, 
a member which is movable to decrease the size 
of said compartment, a magnetic rnember re- 
sponsive to increase in said magnetic fleld and 
45 connected to said movable mernber to more if in 
the direction of said decrease, whereby the fluid 
mixture is transferred frorn the compartment fo 
the spaces and inductively magnetized fo stiffen 
therein, and means whereby ai least one of said 
50 spaces in response fo increase in said field also 
decreases in size fo compress the fluid mixture 
entering the spaces. 
MARTIN P. WINTHER. 
ANTHONY WNTHER. 
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